Abstract: The exposure of collector probes using the ASDEX Upgrade midplane manipulator allowed to quantify the particle fluxes at the outer midplane. Time resolved measurements were carried out employing rotating cylindrical samples shielded by a narrow slit aperture.
Introduction
Erosion and deposition are crucial issues in fusion research because of their impact on plasma contamination, the lifetime of plasma facing components and tritium inventories.
Tungsten is considered as material choice for plasma-facing components in ITER [1] due to its high sputtering threshold energy, low sputtering yield and small tritium retention. It has been successfully employed in ASDEX Upgrade with increasing percentage of coverage over the last years which will ultimately lead to a full tungsten machine in 2007 [2] . However, tungsten is a high Z material, which can substantially contribute to radiation cooling. ITER will only allow a concentration of c w = 2 x 10 -5 [3] .
In recent years test tiles were exposed in various machines as plasma facing components.
After a full experimental campaign they were retrieved and analysed with ion beam methods [4, 5] . This approach allows, however, only to determine integrated erosion and deposition fluxes over different discharge scenarios. To get a hold on the particle fluxes at the outer midplane for well defined discharge conditions, discharge-resolved measurements and even time resolved measurements within one discharge were performed by exposure of collector samples using the ASDEX Upgrade midplane manipulator.
Experimental
The exposed samples are cylinders made of pyrolytic graphite with a length of 88 mm and a diameter of 30 mm. They are exposed to discharges using the midplane manipulator system of ASDEX Upgrade (Fig. 1) , located at z = 0.31 m above the midplane in the shadow of an ICRH limiter and near a protection limiter. To obtain a well defined plasma wetted surface, P 1-28 3 the samples were mounted inside a graphite shield with a narrow slit aperture defining a viewing cone of 12°. The slit is oriented parallel to the sample in radial direction (Fig. 1) .
Exposure was mainly done in stationary H-mode discharges in lower single null configuration with a current of I P = 0.8 -1 MA, a toroidal field of B t = -2.5 T and line averaged densities between n e = 5 -7 x 10 19 m -3 . Apart from time integrated discharge exposures using fixed samples time resolved measurements were also carried out employing rotating cylindrical samples with a rotation speed of 10°s -1 , resulting in a time resolution of ~1.2 s. After exposure the retrieved probes were analyzed ex-situ using Rutherford back-scattering (RBS), Nuclear Reaction Analysis (NRA) and Proton Induced X-ray Emission (PIXE).
Rutherford back-scattering (RBS) spectra were taken employing 3 He + ions at 0. Therefore the amount of mid-and low-Z trace elements deposited onto the samples was additionally quantified by particle-induced X-ray emission (PIXE) using a 1.5 MeV proton
beam. The detection of characteristic X-ray lines from all elements heavier than F allowed quantitative analysis using cross section data published by H. Paul and J. Sacher [7] . Due to the sharp line width signals are usually nearly free from interference with characteristic lines (Fig. 3) . In the case of D this can be explained by the high probe temperature ( 200°C at the sample tip). W, however, seems to be sputtered by the simultaneously incident iron flux. TRIDYN calculates the sputter yield of Fe on W to be ~1 % at E Fe = 50 eV which is a reasonable energy (T e 20 eV [9] ). Taking into account the ratio of ~50:1 of Fe collected compared to W this explains the flattening of the W radial profile. This also fits perfectly to the observation that the amount of collected W is even decreasing towards the limiter edge because of the impact of Fe ions with higher energies, and a corresponding sputter yield of ~10 % at E Fe = 100 eV.
Taking the exponential part of the radial scans one can calculate the limiter shadow RDL for (deposition probe), respectively, is calculated.
Source of Impurities
There is a surprisingly high number of impurity species collected at the midplane probe.
Besides deuterium and tungsten, Fe, Ni, Cr and Mn as components of the used stainless steel components (SS 301) can be detected and agree well with the elemental composition that is described for instance in [10] . 
